Figure 1. (top) THz rapid-screening system. A Schottky diode is characterized by a very low forward-voltage drop. (bottom)
THz-scattering signal intensity of sucrose powder of different particle sizes. The Miescattering extinction curves are for nonabsorbing (solid line) and partially absorbing spheres (dashed line). The data point labeled 'envelope' illustrates the extinction for a paper-only envelope.
Substance identification is achieved with a THz time-domain spectrometer (based on time-resolved Fourier-transform spectroscopy) using femtosecond laser pulses. The absorption spectra are obtained from 0.1 to 3THz with a frequency resolution of 0.03THz and a measurement time of two minutes. Figure 2 shows typical spectra of (a) empty envelopes and (b) folders containing methamphetamine hydrochloride powder. The empty envelopes show weak absorption and almost no spectral features, while those containing methamphetamine hydrochloride Continued on next page show strong absorption and fingerprint peaks at 1.2, 1.6, and 1.8THz. The spectral baselines in Figure 2 (b) increase gradually with frequency due to the powder's scattering properties, and reach the detection limit at 2.4THz.
To identify controlled substances, we assembled a THzspectrum database of widely used chemicals and drugs. Most of these show clear fingerprint spectra at 0.5-3THz, with different peaks, positions, and line shapes for each chemical. Any match between the spectra of suspicious envelopes and the database is evaluated using the correlation between their first derivatives, which removes the baseline slope and clarifies the spectral features: see Figures 2(c) and (d) . The appropriate frequency range over which to calculate the correlation coefficients depends on the powder's particle size and the condition of the package. The range is determined on the basis of the spectrum's absorption intensity. A list of possible materials is displayed based on the correlation coefficient.
Procedures for spectral analysis and database retrieval are executed automatically and no special knowledge is necessary to operate the system. The prototype is now installed in Japanese post offices, and our current research focuses on evaluating the system's performance and its limits. Kodo Kawase received his PhD in electronic engineering from Tohoku University in 1996. A professor in the Graduate School of Engineering (since 2005), he has been involved in research on THz-wave generation using nonlinear optics since 1992.
